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Catheter-directed thrombolysis for axillo-subcla-
vian venous thrombosis due to thoracic outlet com-
pression is the preferred initial therapy in the acute
setting. If successful, an underlying abnormality is
often identified in or around the vein at the level of
the costoclavicular space. If extrinsic (ie, the venous
abnormality is produced only with abduction of the
shoulder), a first rib resection done through either
the axilla or the neck with external venolysis as need-
ed is usually sufficient treatment and can be per-
formed in the same hospital setting or at a later date.
When the lesion is intrinsic (ie, the abnormality is
within the vein itself), both the treatment and the
timing are controversial.1 Options include anticoag-
ulation and delayed outlet decompression depend-
ing on the level of symptoms, outlet decompression
with external venolysis, outlet decompression fol-
lowed by angioplasty and stenting, and outlet
decompression with venous reconstruction.2-5 This
review examines the long-term functional results of
early direct venous reconstruction approached after
excision of the medial portion of the clavicle for
patients with venous obstructive symptoms and
intrinsic venous abnormalities.
MATERIALS AND METHODS
All patients who went to the University of
Rochester Medical Center with acute axillo-subcla-
vian venous thrombosis due to thoracic outlet syn-
drome between 1990 and 1998 were initially treat-
ed with catheter-directed thrombolysis. In each
patient the median antecubital vein was cannulated,
and a guidewire was placed through the thrombosed
vein. An infusion catheter was placed across the
thrombosed venous segment, and a urokinase prepa-
ration (Abbott Laboratories Abbott Park, Ill) was
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Objectives: The purpose of this study was to determine the long-term functional results
after medial claviculectomy and venous patch angioplasty or bypass grafting using inter-
nal jugular vein after incomplete thrombolysis of effort thrombosis of the subclavian
vein.
Methods: The records of 11 patients with effort thrombosis who were treated over the
past 9 years were reviewed. Patients have been followed up between 3 and 9 years at 6-
month intervals with duplex imaging and contrast venography when indicated and have
had an orthopedic evaluation of their shoulder function.
Results: All reconstructed veins are patent, and only one patient complains of any arm
swelling after prolonged usage. This patient is one of three with postphlebitic changes
at the site of repair and has similar findings in her basilic vein. All patients have returned
to their prethrombosis vocation without limitation. Four of the 11 patients have jobs
requiring heavy physical labor. No patient describes any limitations of shoulder func-
tion, but one man who works as a diesel mechanic complains of shoulder aching with
overuse with repetitive pulling. Three patients describe upper extremity paresthesias
when lying on the operated side. Two patients (one man and one woman) are bothered
by the large scar and indentation at the site of the incision. Every patient considers the
overall result completely successful from a functional standpoint.
Conclusions: Early subclavian venous repair performed through a medial claviculectomy
is a durable operation with excellent long-term functional results. Half of the patients
noted minor but significant symptoms, but all are uniformly able to return to normal
function. (J Vasc Surg 2000;32:315-21.)
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delivered. A heparin drip was begun through the
side port of the sheath at 500 IU/h. A follow-up
venogram was performed in 12 to 24 hours and
repeated as necessary to observe progress over a
maximum of 3 days.
Patients were then separated into three groups:
(1) unsuccessful thrombolysis, (2) successful throm-
bolysis resulting in a normal axillo-subclavian vein in
the neutral position and a stenosis/occlusion at the
costoclavicular space with shoulder abduction, and
(3) incomplete thrombolysis that uncovers a residual
intrinsic venous occlusion or severe stenosis at the
level of the costoclavicular space and persistent
venous obstruction. Patients in the first group were
anticoagulated with warfarin sodium and discharged
with appropriate follow-up and treatment depend-
ing on the level of upper extremity dysfunction pre-
sent. Patients in the second group underwent
transaxillary first rib resection and external venolysis
as necessary during the same hospitalization.
Patients in the third group underwent resection of
the medial clavicle and repair of the axillo-subclavian
vein during the same hospitalization when no relief
of obstructive symptoms was achieved. The third
group forms the basis of this report.
Operations were performed with the patient in the
supine position. The incision began in the sternal
notch and was carried posteriorly past the external
jugular vein parallel and 1 cm above the clavicle. The
clavicle was exposed from the sternum and transected
with a sagittal saw in its midportion. The proximal
segment was then grasped with a bone forceps and
completely disarticulated from the sternum. Once the
bone had been removed, the vein was mobilized; care
was taken to avoid injuring the large collateral veins.
The jugular, innominate, and the axillo-subclavian
veins were encircled with vessel loops. The patient was
heparinized, and the subclavian vein was opened at
the site of maximal fibrosis. Short areas of residual
thrombus and postphlebitic changes were excised
(endophlebectomy), and the venotomy was repaired
with a venous patch angioplasty. Long areas of post-
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Fig 1. A, Intrinsic lesion of the subclavian vein uncovered
after thrombolysis of acute thrombus. There is an exten-
sive collateral pattern that persists despite the resolution of
a large volume of thrombus seen on pretreatment phlebo-
gram (B). This patient’s arm remained swollen and
painful.
A
B
Fig 2. View of exposure after medial portion of clavicle is
removed. The involved vein lies directly under the sterno-
clavicular joint. Dissection requires care because of the
fragile network of collateral veins.
phlebitic changes were treated by transposing the
divided internal jugular vein to a more normal area of
axillo-subclavian vein. This requires complete cervical
mobilization of the internal jugular vein to provide
sufficient length and is accomplished by mobilizing
the medial border of the sternocleidomastoid muscle.
A 3- to 4-in segment of internal jugular vein without
branches is easily obtained. The cranial end of the vein
is clamped and divided, and the suture is ligated. The
divided end is then rotated to anastomose in an end-
to-end fashion to the transected subclavian vein. The
site for division of the subclavian vein is usually quite
obvious and can be determined by palpation and
when available by intraoperative duplex scanning.
All patients were discharged and prescribed war-
farin sodium; international normalized ratios were
maintained between 2 and 3. Anticoagulation was
continued for 6 months. Duplex scans were performed
every 6 months in the shoulder neutral and abducted
positions. Phlebograms were performed to evaluate
any abnormalities seen on ultrasound scanning. Two
patients moved out of our area and were contacted
periodically by telephone. The following variables
regarding shoulder function used by our Division of
Upper Extremity Orthopedic Surgery were assessed:
cosmesis, pain, and the patient’s subjective assessment
of end result. Cosmesis was rated as poor, fair, good,
or excellent. Range of motion and strength were com-
pared with the other shoulder. Patients were asked to
assess their result as poor (< 50% improved), fair (50%-
69% improved), good (70%-89% improved) and excel-
lent (90%-100% improved).
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Table I. Functional results after excision of the medial clavicle and repair of the subclavian vein
Patient/sex/age (y) Prethrombosis activity Posttreatment activity Follow-up (mo) Limitations
CH/M/22 Student, athlete Same 34 None
GP/F/42 Secretary, exercise enthusiast Secretary; no 35 Dropped shoulder affects types of 
repetitive arm blouses she can wear. Arm tires 
exercises and swells after repetitive use.
JG/F/24* Secretary, exercise enthusiast Same 42 None
AC/M/20* Musician, athlete Same 36 Cannot sleep on ipsilateral side
PV/M/18 College athlete Same 22 Scar unsightly
AP/M/25 Auto mechanic Same 108 Shoulder pain with repetitive
pulling movements. Occasional 
ulnar nerve distribution pain.
TW/M/32 Diesel mechanic Same 64 Shoulder aches with repetitive use
KK/M/19 Student, weight lifter Same 49 Arm falls asleep when he lies on it. 
Cannot lift weights over head.
SH/M/31 Locksmith Same 36 None
EH/M/38 Electrician Same 35 Cannot do overhead drilling. 
Shoulder “clicks.” Arm gets 
numb when he sleeps on ipsilateral
side.
JR/M/43 Insurance agent Same 98 None
*Last visit by telephone follow-up.
Table II. Follow-up venous imaging
Patient Venous procedure Latest image
CH Endophlebectomy with polyester patch angioplasty Normal duplex scan
GP Endophlebectomy with venous patch angioplasty Postphlebitic changes in area of anastomosis but venogram 
converted to jugular bypass graft normal, long segment of narrowing in basilic vein
JG Endophlebectomy with venous patch Normal duplex scan
AC Endophlebectomy with venous patch angioplasty Normal duplex scan
PV Endophlebectomy with venous patch angioplasty Duplex and phlebogram shows residual stenosis but no 
changes with abduction
AP Jugular venous bypass graft Normal phlebogram
TW Jugular venous bypass graft Duplex scan and phlebogram show stenosis but no change 
with abduction
KK Endophlebectomy with venous patch Normal duplex scan
SH Endophlebectomy with venous patch angioplasty Postphlebitic changes on duplex scan not seen on venogram
EH Endophlebectomy with venous patch angioplasty Normal duplex scan
JR Thrombectomy and venous patch Normal duplex scan
RESULTS
Patients. There were 11 patients (nine men and
two women) who had partial thrombolysis and persis-
tent obstructive symptoms due to an intrinsic venous
occlusion (six patients) or critical stenosis (five
patients) at the level of the sternoclavicular space (Fig
1, A, B). Each of these patients was operated on for
pain and swelling in the affected extremity that did not
resolve. A history of significant repetitive activity with
the arms over the head was obtained in each patient.
Four patients performed mechanical jobs that required
strenuous upper body repetitive activities. Another six
patients were involved in athletics: two weight lifters,
two aerobic dancers, one college basketball player, and
one swimmer. The remaining patient was an insurance
salesman who spent a weekend doing home carpentry
work before his thrombotic event. Follow-up ranged
from 34 to 108 months (mean, 58 months) (Table I).
The final follow-up in two patients (JG, AC) was per-
formed by telephone because both patients moved out
of our area.
Pathologic findings. A dense inflammatory
reaction around the subclavian vein at its juncture
with the jugular and innominate veins was a uniform
operative finding. These changes were directly under
the sternoclavicular joint and were readily apparent
when the clavicle was removed (Fig 2). The intrinsic
venous abnormalities could be distinguished before
venotomy by intraoperative duplex scanning. There
were two types of lesions seen: a localized post-
phlebitic web in nine patients (Fig 3) and longer
fibrous lesions in two patients. The former lesions
were treated with patch angioplasty, and the latter
with jugular venous transposition (Fig 4).
Efficacy of venous decompression. Ten of the
11 patients had immediate symptomatic relief of
venous obstruction with resolution of swelling and
pain. One patient (GP), who had a prior ipsilateral
shoulder disarticulation and acromioplasty, had an
excessively mobile distal clavicular segment that
compressed and reoccluded the patch angioplasty on
the third postoperative day. She underwent a more
distal clavicular resection and a jugular bypass graft
with an excellent result.
Four patients (GP, SH, PV, TW) had venous
thickening at the site of repair on serial duplex scans
during their follow-up (Fig 5, Table II). These
changes persisted over serial imaging, and each
underwent positional venography. No obstructive
lesions could be identified, and no patient had recur-
rent thrombosis. One patient (GP), who complained
of fullness in her arm with repetitive activities, had
postphlebitic narrowing of her basilic vein but a nor-
mally reconstructed subclavian vein. This is the only
patient in the group of 11 with any symptoms sug-
gestive of postoperative venous obstruction.
Cosmesis. Eight of nine men rated their cos-
metic result as excellent. One of the two women
rated her cosmetic result as poor. One of the major
cosmetic concerns was a broadening of the scar
when placed directly over the clavicle. Another con-
cern expressed by the woman was that the type of
blouses that she could wear was restricted to those
with high necks. In addition, she noticed a drooping
of the ipsilateral shoulder that precluded her wearing
sundresses because the lowered shoulder caused the
strap to slide off (Fig 6). Finally, the distal bony end
of the clavicle became visible with shoulder motion
in most of the patients (Fig 7).
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Fig 3. A postphlebitic web. This tissue can be excised, but
if extensive, a bypass graft to normal vein is preferable.
Fig 4. A jugular venous bypass graft. The internal jugular
vein can be mobilized craniad. Additional length can be
obtained by mobilizing the sternomastoid muscle. The
mobilized transected jugular vein is anastomosed to as
normal an area as possible of the axillo-subclavian vein in
an end-to-end fashion.
Pain. The most common complaint after medial
claviculectomy (AC, KK, EH) was an inability to lie
on the operated side because this position resulted in
numbness of the arm. This resulted in changed
sleeping positions for each of these patients with no
other adverse sequelae. One patient (AP) com-
plained of ulnar nerve distribution pain with repeti-
tive pulling movement 8 years after his operation.
Shoulder stability. Ten patients could return to
their preillness activities. One patient (GP) could no
longer do aerobic dance because of arm fatigue, but
she remained employed as a computer programmer.
One of the weight lifters has stopped lifting out of
concern that a recurrent thrombosis might develop,
not because of symptoms. One patient (EH)
described a painless clicking sensation with shoulder
abduction beyond 90 degrees but no loss of function.
The shoulder that was operated on was com-
pared with the contralateral side in 10 of the 11
patients. The other patient had previously under-
gone a contralateral transaxillary rib resection for an
extrinsic venous stenosis at the costoclavicular space.
Strength and range of motion were not altered after
excision of the medial end of the clavicle.
Patient’s subjective assessment of end result.
Ten patients rated their functional result as excellent
(ie, 90%-100% improvement). The patient with the
residual postphlebitic changes in her basilic vein
rated her functional result as good (70%-89%
improvement).
DISCUSSION
Untreated, axillo-subclavian venous thrombosis
due to thoracic outlet syndrome causes residual
symptoms of upper extremity venous obstruction in
anywhere from 25% to 75% of affected patients.6,7
Catheterdirected thrombolytic therapy offers the
best chance for complete clot lysis when adminis-
tered early, but there is a short-term recurrence rate
approaching 30% when the underlying condition
responsible for the venous occlusion is neglected.8-10
Several methods have been proposed to treat these
abnormalities of the subclavian vein including no
treatment, correction of the bony abnormality by
first rib resection with venolysis, angioplasty with
and without stent placement, patch angioplasty, and
bypass graft of the involved venous segment. Some
patients, particularly those who are elderly or seden-
tary, will remain asymptomatic even if their vein
reoccludes. Aggressive therapy, especially claviculec-
tomy, has no role in the management of these
patients.
There is controversy over the use of catheter-
based therapies as an adjunct to outlet decompres-
sion. Meier et al4 recommend placement of a flexible
stent for any residual venous stenosis after percuta-
neous angioplasty and first rib resection. In contrast,
Machleder’s2 series shows that early repair with
adjunctive balloon angioplasty led to an increased
incidence of rethrombosis. Although the concept of
venous angioplasty is an appealing one, we remain
skeptical that satisfactory long-term results will be
achieved. We believe that placement of stents in these
young patients without any long-term data seems
inappropriate, because the hyperplastic response to
the stent is more than likely to cause a rethrombosis;
we await the publication of 5- to 10-year data regard-
ing stents as a primary or adjunctive treatment of
subclavian venous thrombosis.
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Fig 5. Postoperative changes on duplex scan (A) led to
venogram (B), which did not reveal abnormalities. Basilic
vein shows long narrowing due to postphlebitic changes.
A
B
We believe that transaxillary first rib resection with
or without external venolysis is the best procedure for
those patients with external venous compression and
minimal to modest evidence of intrinsic narrowing.
The pivotal question that must be addressed on an
individual basis is whether the subclavian vein needs
to be repaired when there is a severe intrinsic abnor-
mality present on the postlysis venogram. We believe
that patients with persistent venous obstruction after
thrombolysis, active life styles, and physically demand-
ing vocations should have direct venous repair if an
intrinsic venous lesion causes persistent obstruction
after thrombolysis. We also recognize that there are
no studies comparing the long-term results of these
procedures with less aggressive therapies. Azakie et al3
used positional venography to determine which
patients should have outlet decompression and exter-
nal venolysis after thrombolysis. A combined supra-
clavicular-infraclavicular approach was required in
most of their patients to remove the first rib at the
costosternal junction. Outcomes were excellent but
were determined by patients’ assessment without
mention of the status of the vein, and only three of 33
patients had concomitant venous repair for intrinsic
lesions. However, we are unsure how effective the
long-term results of this treatment are and encourage
publication of reports showing high late satisfaction
combined with duplex scan or venogram confirma-
tion of venous patency given our data that show that
the postphlebitic process is a continuous one that may
not be accompanied by symptoms.
Medial claviculectomy is an effective treatment
for a number of entities affecting the sternoclavicular
joint, such as osteomyelitis, tumors, arthritis, frac-
tures, and subluxations/dislocations. In these set-
tings patients undergoing excision of the medial clav-
icle can expect full range of motion, acceptable
cosmesis, and relief of symptoms. Regeneration of
the excised portion occurs frequently especially in
younger patients, probably because the medial clavic-
ular epiphysis is the last of the long bones to ossify
and the last to fuse.11 Excision of the medial clavicle
offers a particular advantage over first rib resection in
the effort thrombosis syndrome when a significant
intrinsic abnormality persists after thrombolysis
because it allows for easy access to the involved
venous structures. It is imperative that a significant
segment of clavicle is removed lest the distal remnant
reocclude the vein. This occurred in one instance in
our series and has been reported by Pairolero et al.12
DeWeese et al13 recognized that exposure of the sub-
clavian vein for operative thrombectomy was facilitat-
ed when medial claviculectomy was performed.
Others corroborated these results14 and even sug-
gested that bony removal alone might be sufficient
treatment for the venous obstruction. The latter is
certainly possible when one considers that those
patients who underwent unsuccessful operative
thrombectomy still had excellent results after medial
claviculectomy. An alternative approach to the repair
of the subclavian vein and decompression of the out-
let was proposed by Molina.15 After removal of the
first rib and the scalene muscles through an anterior
subclavicular approach, the incision is continued into
the sternum and then upward into the sternal notch.
The mediastinal tissues are dissected away, and the
innominate and subclavian veins are easily exposed.
Although this approach leaves the sternoclavicular
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Fig 6. Loss of contour to shoulder causes halter straps to
slip down. This woman also had a prior shoulder proce-
dure, and the combination, rather than the claviculectomy,
may be the problem.
Fig 7. Appearance of cut end of distal clavicle after shoul-
der abduction and internal rotation. One patient com-
plained of a clicking sensation with shoulder movement
but no associated pain.
joint intact and may reduce some of the minor post-
operative complaints after claviculectomy, it does not
provide sufficient access to the jugular vein for a
transposition. We believe that this approach is useful
when venous reconstruction of the innominate vein
is required.
Finally, we are aware of the cosmetic problems and
occasional discomfort that can occur in some patients
after claviculectomy. Nonetheless, for properly selected
patients (significant arm swelling, significant aching
after modest arm use, highly active individual) with
significant subclavian venous obstruction after throm-
bolysis, the claviculectomy and venous reconstruction
approach advocated in this paper seems to provide
excellent long-term patency with relatively few side
effects, particularly given the mediocre results achieved
with other approaches for severe venous abnormalities.
The current study not only shows the safety and effi-
cacy of prompt medial claviculectomy but also the
durability of venous reconstruction in this setting.
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